Sporothrix schenckii produces two extracellular proteinases in albumin-or collagen-supplemented unbuffered liquid medium. Proteinase I had an optimal pH of 6.0, and its activity was strongly inhibited by chymostatin. Proteinase Il had an optimal pH of 3.5, and its activity was strongly inhibited by pepstatin. Speculating that these two proteinases are key enzymes for fungal growth, we investigated the influences of culture medium pH and either or both of the proteinase inhibitors pepstatin and chymostatin on the cell growth of S. schenckii. In buffered medium at a pH of 3.5, an optimal pH for proteinase 11, only proteinase II activities were observed, while at pH 6.0, an optimal pH for proteinase I, only proteinase I activities were observed. However, there was no cell growth inhibition. These results suggested that the regulation of the production of the two proteinases is dependent on environmental pH. The addition of pepstatin or chymostatin to the culture medium did not inhibit the cell growth of S. schenckii, but the addition of both inhibitors at a concentration of 10 ,Lg/ml strongly inhibited growth. These results suggested that at least one of the two proteinases was expressed to allow fungal growth in albumin-supplemented media. The indirect fungistatic action of the proteinase inhibitors, which inhibit proteolysis, may be applied to a topical therapeutic agent in vivo.
Sporotrichosis, a widely distributed fungal infection caused by Sporothrix schenckii, causes chronic granulomatous and ulcerative lesions (4, 10) . However, the parasitic invasive factors which lead to the instigation of these lesions have not yet been clarified. Proteolysis of insoluble skin constituents is speculated to be an important biochemical factor.
Recently, we purified two extracellular proteinases from the yeast form of S. schenckii grown in albumin-or collagensupplemented liquid medium (7) . Proteinase I, a serine proteinase, had an optimal pH of 6 .0, and its activity was strongly inhibited by chymostatin. Proteinase II, a carboxyl proteinase, had an optimal pH of 3.5, and its activity was strongly inhibited by pepstatin. Our previous investigations with Candida albicans (2, 3, 5, 6) suggested that these two proteinases may be expressed to allow fungal growth.
We investigated the influence of culture medium pH and the inhibitory effect of either or both of the proteinase inhibitors pepstatin and chymostatin on the cell growth of S. schenckii to clarify the role of proteinases in fungal infection.
Organism and cultivation method. A fresh clinical isolate of S. schenckii, the same strain used in our previous study (7) , was obtained from a localized type of sporotrichosis and identified by standard morphological studies (4 Proteinase assay. Culture filtrate was used for the proteinase assay with azocoll (Sigma) as a substrate (1) . For the proteinase I assay, 0.2 ml of filtrate solution was incubated with 5 mg of azocoll and 10 ,ug of pepstatin (9) (Peptide Institute Inc., Tokyo, Japan) in 0.8 ml of 50 mM citric acid-100 mM disodium phosphate buffer (pH 6.0). For the proteinase II assay, 0.2 ml of filtrate solution was incubated with 5 mg of azocoll and 1 mM phenylmethylsulfonyl fluoride (Sigma) in 0.8 ml of 50 mM citric acid-100 mM disodium phosphate buffer (pH 3.5). Each sample was incubated for 1 h at 37°C, and the incubation was terminated by the addition of 2.0 ml of cold water and the transfer of the reaction tubes to ice water. After centrifugation at 1,500 x g for 15 min, dye released into the supernatant was measured at 520 nm with a spectrophotometer (model 100-60; Hitachi).
Influence of culture medium pH on extracellular proteinase production and cell growth of S. schenckii. To examine the influence of culture medium pH, three different media were prepared: (i) unbuffered medium (the same medium described above, with an initial pH of approximately 5.0), (ii) buffered medium at a pH of 6.0 (the optimal pH of proteinase I), and (iii) buffered medium at a pH of 3.5 (the optimal pH of proteinase II). (Fig. 1B) . However, proteinase II activities were negligible during the cultivation period. Cultivation in buffered medium at an optimal pH for proteinase II (pH 3.5) yielded prominent proteinase Il activities and cell growth (Fig. 1C) . However, proteinase I activities were negligible during the cultivation period. The results obtained with buffered media suggested that a proteinase which has an optimal pH similar to the pH of the medium was expressed and correlated with cell growth.
Influence of proteinase inhibitors. Proteinase I activity ( Fig. 2A) was detected in control (no inhibitor) and pepstatin-containing media but was barely detected in medium containing either chymostatin or both pepstatin and chymostatin. Proteinase II activity (Fig. 2B) was detected in control (no inhibitor) and chymostatin-containing media but was barely detected in medium containing either pepstatin or both pepstatin and chymostatin. Cell growth of S. schenckii (Fig. 2C ) was inhibited to fewer than 105 cells per ml only in the medium containing both pepstatin and chymostatin. M/X X Medium containing either pepstatin or chymostatin alone did not inhibit cell growth. Fungal growth and microscopic morphology of the organism in brain heart infusion medium were not affected by the addition of pepstatin or chymostatin or both (not shown). We have previously emphasized that an extracellular proteinase produced by C. albicans is an important invading factor in candidiasis (2, 3, 5, 6) . S. schenckii produces two kinds of proteinases in albumin-or collagen-supplemented medium (7) . Enzyme activities and cell growth were observed after cultivation for 1 week in these media. However, proteinase production was not observed in either brain heart infusion medium or Sabouraud medium in spite of rapid cell growth, probably because proteinase production is unnecessary in media which already supply sufficient aminopeptides for the organism. The natural specificity of the enzymes proved that insoluble proteins from skin, such as keratin, elastin, and collagen, were hydrolyzed, which suggests that the enzymes are able to break down skin constituents ahead of the organism invasion.
This in vitro study was attempted to confirm the biological role of these two proteinases from S. schenckii. Longduration cultivation in albumin-supplemented medium was performed for up to 10 days to see the correlation between proteinase production, pH of the medium, and fungal growth. The results of the first experiment suggested that the ratio of proteinase I production to proteinase II production varied depending on the pH of the medium and that they each supplemented the activities of the other. However, prominent cell growth was observed in all three media. In the liquid medium with a pH of 3.5, proteinase Il was overproduced, probably to supplement proteinase I activities. The second experiment suggested that at least one of the two proteinases was expressed to allow fungal growth in albumin-supplemented media. To inhibit fungal growth, the addition of both pepstatin and chymostatin was required. The enhancement of proteinase I activity in pepstatin-containing medium and of proteinase II activity in chymostatincontaining medium was probably due to supplemental production of the other proteinase. In the case of C. albicans, the addition of pepstatin was sufficient to inhibit cell growth, because C. albicans produces only one major extracellular proteinase (6) . These inhibitory profiles suggest that extracellular proteinases are essential for fungal growth in nitrogen-restricted media and that the number of extracellular proteinases related to cell growth differs according to the fungus species.
Although the antifungal effect of pepstatin and chymostatin was an indirect fungistatic action caused by inhibition of the activities of proteinases, their nontoxic and selective action may lead to their use as new topical therapeutic agents. We are now investigating the effect of proteinase inhibitors, including pepstatin and chymostatin, on animal and human sporotrichosis.
